I
t is widely acknowledged that month of birth influences the risk for developing multiple sclerosis (MS) later in life. This has been consistently shown in a number of countries and regions including England, Scotland, Canada, Denmark, Sweden, Sardinia, Finland, and Australia (eReferences, http://www.jamaneuro.com). The month of birth effect is particularly evident in England, where the risk for MS peaks in May and drops in November for those born in those months. 1 The biological basis of this month of birth effect is not yet known. Because thymic development mainly occurs in utero and is susceptible to intrauterine exposures, 2 we sought to assess whether the month of birth has any effect on thymic function. Given the evidence accumulating for vitamin D deficiency in the etiology of MS, 3 we also investigated whether vitamin D levels were associated with thymic output.
Methods.
The basic mechanism for generating T-cell receptors (TCRs) during T-cell development provides an assay to measure thymic output. 4 Signal sequences flanking the TCR gene segments in their germline configuration are cleaved during TCR production and join to form extrachromosomal DNA circles termed signal joint TCR excision circles (sjTRECs). 4 Cord blood was obtained from 50 healthy white individuals born in November and 50 born in May between 2009 and 2010 in London after ethical approval. CD4ϩ and CD8ϩ T-cell populations were separated using magnetic microbeads. Quantification of sjTRECs in CD4ϩ and CD8ϩ populations was performed by realtime quantitative polymerase chain reaction. Samples were analyzed in duplicate. Concentrations of 25-hydroxyvitamin D were measured by isotope-dilution liquid chromatography-tandem mass spectrometry.
Results.
We observed a significantly greater number of sjTRECs in CD4ϩ and CD8ϩ cells from individuals born in May compared with those born in November (P=5.5ϫ10 Ϫ5 and P=1.2ϫ10
Ϫ6
, respectively; Table) . Individuals born in May had significantly less circulating 25-hydroxyvitamin D than those born in November (P=.02), and there was also an inverse correlation between 25-hydroxyvitamin D and CD4ϩ and CD8ϩ sjTRECs (Spearman rho = Ϫ0.37, P = .009; and Spearman rho=Ϫ0.4, P = .004, respectively).
Comment.
By looking at TRECs, we observed that month of birth has a significant effect on thymic output. We hypothesized that birth month influences T-cell production and may impair T-cell central tolerance and/or Tregulatory/T-effector cell balance, predisposing to MS. These findings are particularly interesting given the recent observation that MS-associated genes are active in cord blood T cells. 5 Taken together, these data highlight how genetic and environmental risk factors act in the same cell types and interact in the etiology of MS. Interestingly, the risk for immune conditions other than MS, including type 1 diabetes mellitus, rheumatoid arthritis, and ulcerative colitis, is also higher in spring-born individuals, suggesting the presence of shared etiologic pathways across these disorders. 6, 7 Vitamin D may be the driver of this effect. Notably, genetic regions associated with immune-mediated diseases, including MS, are significantly enriched for vitamin D-receptor binding sites, and vitamin D is able to regulate the expression of hundreds of genes, many of which play roles in T-cell and B-cell development. 8 Animal studies have shown that in utero vitamin D deficiency has a significant effect on the developing immune system. 9, 10 To our knowledge, our findings represent the first direct evidence suggesting that the same happens in the developing human immune system. In summary, our data supports a role for vitamin D underlying the month of birth effect in MS through effects on thymic development and T-cell production. Long-term prospective studies should be initiated to investigate the effect of gestational vitamin D supplementation on thymic output and, ultimately, the subsequent risk for MS.
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